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Abstract

Purpose We examined the association between post-

diagnosis statin use (3-hydroxy-3-methylglutaryl-coen-

zyme A [HMG-CoA] inhibitors) and risk of breast cancer

recurrence.

Materials and methods The study included 1945 early

stage breast cancer survivors participating in the Life After

Cancer Epidemiology (LACE) Study. Women who were

diagnosed from 1997 to 2000 and identified from the

Kaiser Permanente Northern California (KPNC) Cancer

Registry entered the cohort on average 2 years post-diag-

nosis. Information on statin use was obtained from the

KPNC pharmacy database. A total of 210 breast cancer

recurrences were reported and verified by medical record

review. Cox proportional hazard models were used to

estimate rate ratios (RR) and 95% confidence intervals

(CI).

Results The mean duration of statin use in the cohort

among those who initiated use post-diagnosis was

1.96 years, and lipophilic statins were mainly used (97.8%).

Starting statins after diagnosis was suggestive of a decreased

risk of breast cancer recurrence (RR = 0.67; 95% CI:

0.39–1.13). Risk of recurrence decreased with increasing

duration of statin use after diagnosis (p linear trend = 0.02).

Conclusion Our findings provide initial support for

an inverse association between post-diagnosis, lipophilic

statin use and risk of breast cancer recurrence.
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Introduction

Statins (3-hydroxy-3-methylglutaryl-coenzyme A [HMG-

CoA] inhibitors) are lipid-lowering drugs that have been

proven in clinical trials to prevent cardiovascular disease

[1]. They have not only been associated with beneficial

effects on heart-related conditions but also with possible

anti-carcinogenic activity. For example, laboratory studies

have shown that lipophilic statins such as simvastatin and

fluvastatin inhibit mammary tumor growth by *50% at

doses equivalent to those used in humans for reducing

cholesterol [2]. Thus far, observational studies of the

association between statins and risk of developing breast

cancer have yielded mixed results, with the majority find-

ing no association [3–10]. To our knowledge, no studies

have examined statin use and breast cancer prognosis.

We investigated the potential association between use of

statins after breast cancer diagnosis and breast cancer

recurrence among participants in the Life After Cancer

Epidemiology (LACE) Study, a prospective cohort study of

2,292 early stage breast cancer survivors. Using data from

the KPNC pharmacy prescription database, statins were

analyzed according to initiation and duration of use after

cancer diagnosis.
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Materials and methods

Study cohort

The LACE cohort has been described previously [11].

Briefly, the cohort consists of women diagnosed with

invasive breast cancer from 1997 to 2000 recruited pri-

marily from the Kaiser Permanente Northern California

(KPNC) Cancer Registry (82%) and the Utah Cancer

Registry (12%). Additionally, a subset of women who

declined participation in the Women’s Healthy Eating and

Living (WHEL) Trial, a dietary intervention trial to prevent

recurrence of breast cancer, was used as a third source of

participants (6%). Women were eligible if they were

diagnosed from age 18–79 years with a first primary breast

cancer (Stage I � 1 cm, II, or IIIA), had completed breast

cancer treatment (except for adjuvant hormonal therapy),

were within 11–39 months post-diagnosis (to capture

behavioral factors in the early post-diagnosis period and to

ensure that women were free of symptoms due to treat-

ment), had no history of other cancer within 5 years before

enrollment, and were recurrence-free at enrollment. Sub-

sequently, after medical record review, any woman who

had a breast cancer recurrence, new breast primary, or

death within 3 months after enrollment was deemed ineli-

gible since these events may have been present at

enrollment but missed. Therefore, the start of time at risk in

the cohort was 3 months post-enrollment.

Between January 2000 and April 2002, 5,656 women

who were presumed to meet the LACE eligibility criteria

were sent a recruitment package. Of these, 2,614 (46%)

agreed to participate and completed the questionnaires.

Subsequent medical record review to confirm eligibility

resulted in 322 exclusions. Reasons for exclusions were

breast cancer recurrence, new primary breast cancer, or

death within 3 months after enrollment (37%), incorrect

stage (34%), other cancer within the 5 years before enroll-

ment (10%), prior breast cancer (6%), more than 39 months

since diagnosis (6%), incomplete demographic and medical

data (3%), still receiving treatment (2%), and language

difficulty (2%). The remaining 2,292 women constitute the

LACE cohort. This analysis was restricted to the 1,945

(85%) who were recruited from KPNC because of the

availability of automated pharmacy data on this group. The

KPNC participants did not differ significantly from other

women in the cohort on age, stage of disease, and body mass

index (BMI) (not shown). Subjects entered the cohort on

average 1.90 years after diagnosis (range 0.92–3.24 years)

and were subsequently followed on average for an addi-

tional 5.00 years (range 0.25–6.86) post-enrollment. The

study was approved by the institutional review boards of

KPNC and University of Utah. Written informed consent

was obtained from all participating subjects.

Medication use and other covariates

Information on lipid-lowering agents such as label name,

generic name, date dispensed, and days supply was

obtained from the KPNC pharmacy database for all Kaiser

LACE cohort members (n = 1,945) as of August 24, 2006.

To avoid potential confounding by use of lipid-lowering

medications before breast cancer diagnosis, individuals

who had statin prescriptions (n = 134) prior to diagnosis

were excluded, thus leaving 1,811 subjects for analysis.

Initiation and duration of post-diagnosis use was cate-

gorized as (1) unexposed (� 100 days supply) and exposed

(>100 days supply) and (2) unexposed (� 100 days sup-

ply), 101 days–� 2 years supply, and >2 years supply,

respectively. A record of at least 100 days supply was

considered the minimum exposure since Kaiser health

insurance plans commonly allow 100 days supply per

dispensing for chronic medications. Therefore, >100 days

supply was equivalent to at least two or more prescriptions

and deemed as regular use. Results were similar when we

excluded the small number of concurrent statin and

nonstatin antilipemic users from our analysis (n = 16), so

these individuals were retained in the exposure group in

our final analyses. Age, race/ethnicity, education, height

and weight, smoking status, family history of breast cancer,

and breast cancer treatment were collected on the baseline

questionnaire at cohort entry. Data on stage, nodal status,

and tumor hormone receptor status were obtained from the

KPNC Cancer Registry.

Outcomes

Subsequent health outcomes were ascertained semi-annu-

ally, and after 5 years of follow-up annually, by mailed

questionnaire and verified by medical record. The average

response rate to the mailed health status updates was 84%.

All nonrespondents were called to complete a report by

phone, increasing the response rate to 99%. KPNC com-

puterized mortality files were regularly searched or

participant families were contacted for any cohort members

not reached (1%). For study subjects who were known to

have died, copies of death certificates were obtained and

cause of death recorded. Recurrences were defined as

subsequent local, regional, or distant disease, and new

breast primary cancers in the contralateral breast. Exclud-

ing new breast primary cancers from our analysis (n = 30)

did not produce substantially different results, so the out-

come was included as a recurrence. For this analysis, 210

breast cancer recurrences (of which 73% were distant

metastases) were ascertained through December 12, 2006.

Mean follow-up time from cohort entry until the endpoint

of recurrence was 2.60 years (range 0.25–6.57).
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Table 1 Demographic characteristics and breast cancer risk factors by post-diagnosis statin use obtained from the KPNC pharmacy database in

the LACE Study, 2000–2006

Yes statin use n (%) No statin usea n (%) p-valueb

Age at diagnosis (years) <0.001

<45 12 (3.3) 195 (13.5)

45–54 78 (21.2) 469 (32.5)

55–64 124 (33.8) 398 (27.6)

� 65 153 (41.7) 382 (26.4)

Mean ± SD 62.2 ± 9.4 57.2 ± 11.1

Race/ethnicity 0.02

White 284 (77.6) 1,132 (78.5)

Black 32 (8.8) 67 (4.7)

Hispanic 18 (4.9) 103 (7.1)

Asian 22 (6.0) 98 (6.8)

Other 10 (2.7) 42 (2.9)

Unknown 1 2

Education 0.05

� HS diploma/GED 113 (30.9) 362 (25.1)

Some college 137 (37.4) 547 (38.0)

� College degree 116 (31.7) 532 (36.9)

Unknown 1 3

Body mass index (BMI) at prediagnosis (kg/m2) <0.001

<25 123 (33.5) 734 (50.8)

25–29 123 (33.5) 414 (28.7)

� 30 121 (33.0) 296 (20.5)

Mean ± SD 28.5 ± 5.8 26.3 ± 5.7

Menopausal status at diagnosisc <0.001

Premenopausal 41 (12.9) 383 (30.7)

Post-menopausal 276 (87.1) 863 (69.3)

Unknown 50 198

Family history of breast cancer 0.73

No 295 (80.4) 1,148 (79.6)

Yes 72 (19.6) 295 (20.4)

Unknown 0 1

Radiation therapy 0.04

No 147 (40.7) 494 (35.0)

Yes 214 (59.3) 916 (65.0)

Unknown 6 34

Chemotherapy <0.01

No 189 (51.8) 609 (42.5)

Yes 176 (48.2) 824 (57.5)

Unknown 2 11

Tamoxifen <0.01

Never 104 (28.7) 301 (21.2)

Past 26 (7.2) 90 (6.3)

Current 232 (64.1) 1,028 (72.5)

Unknown 5 25

Aromatase Inhibitor 0.04

No 221 (72.2) 761 (66.1)

Yes 85 (27.8) 391 (33.9)

Unknown 61 292
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Data analysis

To compare relevant characteristics of users, Pearson chi-

square tests were applied. Follow-up began at date of

cohort entry and ended at date of first confirmed cancer

recurrence, date of death, study drop-out date, or

December 12, 2006, whichever occurred first. Rate ratios

(RR) and 95% confidence intervals (CI) for breast cancer

outcomes were estimated by delayed entry Cox propor-

tional hazard models, with months since diagnosis as the

time scale [12, 13]. Statin use was modeled as a time-

dependent covariate for which cumulative use based on

days supply of every prescription was updated at each

failure time. The delayed entry model ensures that a

woman who enrolled in the study t years after her initial

breast cancer diagnosis was not considered at risk for a

possible recurrence prior to t years by removing each

woman from the risk set between the time of diagnosis

and the time of cohort entry. A linear test for trend was

estimated by modeling categorical variables of exposure

on an ordinal scale. Confidence intervals not overlapping

with 1.00 or p < 0.05 were considered consistent with

statistical significance.

Age at diagnosis (<45, 45–54, 55–64, and � 65 years),

race (White, Black, Hispanic, Asian, and Other), BMI

(<25, 25–29, and � 30 kg/m2), cancer stage (Stages I, IIA,

IIB, IIIA), and tamoxifen treatment (never, past, and cur-

rent) were included in the final model as confounders

because they had a statistically significant effect on the

relative risk associated with statin use when added indi-

vidually to the Cox model. We also looked at whether the

associations between statin use and recurrence varied by

menopausal status at diagnosis, BMI, tumor hormone

receptor status, and stage of initial breast cancer by first

generating strata-specific estimates and then including an

interaction term in the model to test for statistical signifi-

cance. Little evidence was found that the association

between exposure and study endpoint varied by the above

factors.

Results

Most of the cohort members were white nonsmokers who

had no family history of breast cancer (Table 1). Women

who used statins post-diagnosis were more likely to be

Table 1 continued

Yes statin use n (%) No statin usea n (%) p-valueb

Stage of breast cancer 0.52

Stage I 182 (49.6) 665 (46.1)

Stage IIA 122 (33.2) 484 (33.6)

Stage IIB 54 (14.7) 248 (17.2)

Stage IIIA 9 (2.5) 45 (3.1)

Unknown 0 2

Nodal status 0.15

Negative 242 (66.3) 871 (62.3)

Positive 123 (33.7) 528 (37.7)

Unknown 2 45

Estrogen/Progesterone receptor status 0.07

Neg/Neg 68 (18.5) 207 (14.5)

Neg/Pos 9 (2.5) 18 (1.3)

Pos/Neg 48 (13.1) 210 (14.7)

Pos/Pos 242 (65.9) 994 (69.6)

Unknown 0 15

Total 367 1,444 1,811

a No statin use includes � 100 days supply obtained from KPNC pharmacy database
b From Pearson chi-square test
c Premenopausal at diagnosis includes <60-year old at diagnosis, had period within 3 months prior to diagnosis, and not on estrogen hormone

therapy (HT) prior to diagnosis; Post-menopausal at diagnosis includes the following four scenarios: (1) � 60-year old at diagnosis or periods

stopped 12 months or more before diagnosis (excludes women who had a hysterectomy only before diagnosis, with last period within 7 months

of hysterectomy), (2) <60-year old at diagnosis and had oophorectomy and hysterectomy any time before diagnosis, with periods stopping at the

same time as surgery, (3) <60-year old at diagnosis and had oophorectomy without hysterectomy before diagnosis, with HT beginning around

oophorectomy date, (4) <60-year old at diagnosis and had oophorectomy without hysterectomy before diagnosis date, with periods stopping at

same time as oophorectomy and having no HT before diagnosis; Unknown includes any scenario not covered above
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older, obese, or post-menopausal at diagnosis compared to

nonusers. Statin users and nonusers were similar with

respect to family history of breast cancer, stage of breast

cancer, and nodal status (Table 1).

Among the total KP subcohort of 1,811 subjects used in

this analysis, 367 (18.9%) used statins and 36 (1.8%) used

nonstatin antilipemic drugs post-diagnosis (Table 2). The

mean duration of post-diagnosis use of statins and nonstatin

antilipemics was 1.96 and 1.31 years, respectively. Lova-

statin was the primary statin prescribed (84.4%), followed

by simvastatin (10.9%), atorvastatin (2.5%), and pravast-

atin (2.2%). Among the nonstatin antilipemics, gemfibrozil

was mainly prescribed (61.1%), followed by niacin

(22.2%), cholestyramine (8.3%), colestipol (5.6%), and

ezetimibe (2.8%).

Use of statins for more than 100 days after diagnosis

compared to use � 100 days was associated with a non-

statistically significant reduction in risk of breast cancer

recurrence (RR = 0.67; 95% CI: 0.39–1.13), adjusting for

age at diagnosis, race, BMI, stage of breast cancer, and

tamoxifen treatment (Table 3). Risk of breast cancer

recurrence decreased with increasing duration of post-

diagnosis statin use (p for linear trend = 0.02) (Table 3).

The association between post-diagnosis use of nonstatin

antilipemics and recurrence could not be examined ade-

quately since the number of users was small (n = 36),

thereby producing unstable risk estimates (not shown).

Discussion

To our knowledge, our study is the first to examine the

potential relationship between use of statins and breast

cancer prognosis. We found that use of primarily lipophilic

statins after diagnosis appeared to be associated with a

reduced risk of recurrence, and that this risk decreased with

increasing duration of use. Given the largely nonstatisti-

cally significant results, the impact of chance cannot be

ruled out.

Biological evidence exists which supports a possible

protective role of statins, particularly lipophilic statins, on

breast cancer outcomes [14]. It appears that only lipophilic

statins influence cell proliferation, survival, and motility by

permeating the cell membrane [15], specifically extrahe-

patic cell membranes [16]. In vitro laboratory studies have

found that lipophilic statins can inhibit the proliferation of

breast cancer cells [2, 17–19], with critical proteins regu-

lating cell survival and proliferation mechanisms being most

influenced by statin treatment [2]. Interestingly, this

reduction in cell proliferation was stronger in estrogen

receptor (ER) -negative cells, suggesting that ER-negative

cell lines might be more sensitive to growth inhibition by

statins than ER-positive cell lines [2, 17, 20]. However, in

our study, we did not observe a difference in the association

of statin use and breast cancer recurrence by hormone

receptor status, which could be due to small subgroup sizes

and thus limited statistical power. In addition, in vivo mouse

mammary tumor models demonstrated that lovastatin, flu-

vastatin, and simvastatin decreased tumor formation and/or

inhibited metastasis [2, 21, 22]. Furthermore, three clinical

studies, including one randomized trial, suggest that statins

may enhance standard chemotherapy or radiotherapy for

treatment of cancers such as prostate, rectal, and hepatoma

at doses used for cardiovascular disease [15].

Observational studies thus far have yielded mixed

results regarding the effect of statins on breast cancer

incidence. A large case–control study from the General

Practice Research Database, an automated database con-

taining drug prescription and medical information on more

than three million people in the UK, found no association

between current statin use and breast cancer risk [10].

Interestingly, another large case–control study with cases

from a population-based tumor registry reported no overall

association of statins with breast cancer incidence but did

find that women who had used statins for more than

5 years had an *30% lower breast cancer incidence than

never users [4]. Two other case–control studies observed

no association between statin use and breast cancer risk [6,

9]. Similarly, four large cohort studies found no association

between statin use and risk of breast cancer [3, 5, 7, 8],

although one study observed an 18% lower breast cancer

incidence with use of lipophilic statins [5]. A meta-analysis

Table 2 Post-diagnosis use of statins and nonstatin antilipemics

obtained from the KPNC pharmacy database in the LACE Study,

2000–2006

n %

Total cohort 1,811 100.0

Statin use (post-diagnosis)a 367 20.3

Nonstatin antilipemic use (post-diagnosis)a 36 2.0

None (post-diagnosis) 1,408 77.7

Statin use (post-diagnosis) 367 100.0

Lovastatinb 310 84.4

Simvastatinb 40 10.9

Atorvastatinb 9 2.5

Pravastatin 8 2.2

Nonstatin antilipemic use (post-diagnosis) 36 100.00

Gemfibrozil 22 61.1

Niacin 8 22.2

Cholestyramine 3 8.3

Colestipol 2 5.6

Ezetimibe 1 2.8

a Includes 16 concurrent post-diagnosis statin and nonstatin antilip-

emic users
b Lipophilic statins
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[23] conducted in late 2005 of nine observational studies,

including those mentioned above, and seven clinical trials

found that statin use did not significantly affect the risk of

breast cancer using either a fixed-effects model (RR =

1.03; 95% CI: 0.93–1.14) or random effects model

(RR = 1.02; 95% CI = 0.89–1.18). Stratification by study

design did not appreciably change the effect estimates.

Notably, this meta-analysis did not include two large ret-

rospective studies, both of which suggested a protective

benefit of statin use on breast cancer risk [24, 25].

Strengths of this study include being one of the few

existing cohorts of early stage breast cancer survivors, one

of the first studies to examine the association of post-

diagnosis statin use and breast cancer outcomes, and use of

pharmacy prescription data such that recall bias is not a

methodological issue. In addition, almost all Kaiser mem-

bers have pharmacy benefits and thus fill their prescriptions

at a Kaiser pharmacy, thereby assuring nearly complete

capture of medication dispensings [26]. A limitation of this

study is the inability to examine the impact of lipophilic

compared to lipophobic statins on breast cancer endpoints

since only eight participants had a record of lipophobic

statin use, yet our data were homogeneous in terms of

statin lipophilicity. In addition, we could not adequately

examine confounding by indication with comparison to

nonstatin antilipemics due to limited numbers, and the

pharmacy database does not contain information on indi-

cation. Thus, one cannot exclude the possibility that statin

use could be a surrogate for the effect of an associated

condition like hyperlipidemia. When interpreting our

results, one should also consider that long-term statin users

(5 years or more) tend to be healthier and more adherent to

therapy and screening than nonusers such that our risk

estimates could be biased toward a protective effect [27].

Considering that the average duration of post-diagnosis

statin use in our cohort was more short-term (1.96 years),

the impact of this bias would most likely be minimal.

Finally, our results cannot be generalized to recurrences

that may have occurred in the early post-diagnosis period

because women did not enter the cohort until they had

completed chemotherapy and/or radiation treatment (on

average 2 years post-diagnosis).

In conclusion, our study provides initial support for an

inverse association between primarily lipophilic statins and

risk of breast cancer recurrence. Given our results and the

fact that statins are currently among the most widely pre-

scribed drugs in the US [28], more studies are warranted to

fully assess the anti-oncogenic potential of statins on breast

cancer prognosis.
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